Background: Non-penetrating ocular injuries from badminton shuttlecocks can result in severe damage and life-long complications. This case series highlights the morbidity of such injuries, particularly in regard to post-traumatic glaucoma. Methods: This is a retrospective case series of 12 patients with shuttlecock-related blunt eye injuries sustained during badminton play without eye protection. By approaching colleagues through conference presentations and networking, the authors have attempted to gather all known cases of shuttlecock ocular injury managed in tertiary ocular emergency departments or private ophthalmological clinics in Victoria and New South Wales, Australia in 2015.
Although badminton ocular injuries are uncommon, when they do occur, they can result in significant ocular morbidity. [1] [2] [3] Fifty per cent suffer permanent decrease of vision and 11 per cent have a final visual acuity (VA) of 6/60 or worse, with macular changes, traumatic cataract and glaucoma being the main causes of visual impairment. 1 Sports Medicine Australia classifies badminton as a high-risk sport for ocular injury due to the small, high speed, dense shuttlecock that is in close proximity to players. 4 The energy transfer for a badminton shuttlecock can be estimated, based on its average mass of five grams and the velocity of a smash shot, which can range from 168 to 217 km/h in an experienced player. 5 The estimated energy transfer (based on the kinetic energy equation) is between six and nine Joules for professional badminton smash shots. This is about one-third of the energy transfer of a squash ball. Other factors affecting the severity of injury include the small size (18 mm) of the base, which allows the shuttlecock to enter the orbit. Due to its aerodynamics, badminton shuttlecocks also slow quickly 6 and therefore, the most relevant situation, where a severe blunt eye injury occurs is when there is a small distance between players. This is particularly relevant when players turn around to look at their doubles partners when they perform a smash shot.
The epidemiology of sports-related ocular injuries internationally varies due to methods and locations from which the reports originate. In Australia, a study by Fong 7 in 1995 reported that of the 6,308 patients treated over one year at a specialty ophthalmology and otolaryngology hospital in Melbourne, Victoria, sports accounted for five per cent of all ocular injuries but 19 per cent of severe trauma (requiring admission). The most common sports to cause eye injuries overall were squash and Australian Rules Football. Although badminton was only responsible for three per cent of overall sporting-related injuries, it contributed to five per cent of sportsrelated severe trauma. Furthermore, despite a smaller population of badminton enthusiasts compared to squash (27,450 players versus 94,800 per year), the comparative incidence of severe eye injury requiring inpatient management is similar between the two sports (16 per 100,000 badminton players compared to 19 per 100,000 squash players over two years). 8 These data highlight that, although badminton ocular injuries are uncommon overall, they tend to cause a relatively high proportion of severe trauma.
We have reported on 12 patients with ocular injuries sustained from playing badminton to highlight the morbidity associated with badminton-related ocular injuries, to emphasise the importance of awareness regarding ocular injury and provide suggestions on appropriate ocular protection in badminton. This is the first multicentre case series to describe badminton-related ocular injuries in Australia.
METHODS
By approaching colleagues through conference presentations and networking, the authors have attempted to gather all known cases of shuttlecock ocular injury managed in tertiary ocular emergency departments or private ophthalmological clinics in Victoria and New South Wales, Australia in 2015. The study was approved by the Royal Australian and New Zealand College of Ophthalmologists Human Research Ethics Committee. All patients gave consent to have de-identified data included in this publication in adherence to the tenets of the Declaration of Helsinki. No patients were excluded from this study due to refusal of consent. All patients presented to a specialty ophthalmological emergency department or private practice and were assessed by one of the authors with slitlamp examination and gonioscopy.
RESULTS
Patients of any age and length of time managed were included in this case series. Ages ranged between 16 and 77 years and the period of treatment under an ophthalmologist ranged from weeks to 26 years. There were 12 patients in this study and their details, including the nature of injuries sustained, VA and follow up time are listed in Table 1 . None of the patients had any significant medical co-morbidities or prior vision and ophthalmological issues and only one patient was lost to follow up.
None of the patients in the case series was wearing eye protection at the time of injury. The most common complications reported were hyphaema (eight patients), angle recession (seven patients) and glaucoma (five patients). All players were amateurs and although specific circumstances of the injury were not documented for all cases, at least three involved smash shots and two occurred at school. All patients presented within one to two days of their injury with pain and blurred vision, except for one patient (case 12), who presented at one week. Most were managed with only topical treatment or observation, with a review every few days initially after the injury, then at weekly intervals (cases 4 to 9, 11 and 12). Topical treatment included chloramphenicol for corneal abrasions (three patients), steroids for hyphaema or uveitis (10 patients), and pressure-lowering medications for high intraocular pressure (IOP) (eight patients). Four patients required additional oral acetazolamide treatment for high pressures and one (case 1) required intravenous mannitol, as acetazolamide and topical therapy were insufficient to manage a pressure of 68 mmHg at presentation. Four of the patients (cases 1, 2, 3 and 10) received operations. Case 10 had an anterior chamber washout for a persistent microhyphaema at two months following his injury. A trabeculectomy was performed for case 1, one month following his injury, due to an IOP resistant to maximal medical therapy. This patient also developed a traumatic cataract, for which he is awaiting surgery. Case 3 was treated with a laser peripheral iridotomy to manage a pupil block, as well as four surgical procedures to treat her lens subluxation, vitreous haemorrhage and glaucoma. Case 2 was followed for the longest period of time and is described below to illustrate the long-term nature of glaucoma management.
A case history (case 2)
A 45-year-old man, who sustained a shuttlecock injury to his right eye during an amateur singles badminton game developed raised IOP resistant to maximal medical therapy, 360 degrees of angle recession, traumatic mydriasis and cataract. A trabeculectomy was performed six months following his injury, which lasted for 26 years, until complicated by an infection (blebitis). The IOP increased subsequently and was managed with topical agents; additionally, he underwent cataract surgery. Although his VA 26 years after the injury is still 6/7.5, he has sustained severe glaucomatous damage to his optic nerve, with an increased cup-to-disc ratio of 0.95 and a corresponding decrease in his peripheral visual field. Overall, he has required six-monthly to yearly reviews over 26 years and requires ongoing topical therapy with brinzolamide despite his two operations.
DISCUSSION
Badminton generally results in few ocular injuries but serious complications like retinal detachment, choroidal rupture, vitreous haemorrhage and lens subluxation can occur. [1] [2] [3] Our case series findings are consistent with complications reported in the existing literature. 2, 3 In particular, case 2 demonstrates how traumatic angle recession glaucoma results in progressive visual loss from optic nerve damage and requires lifelong monitoring and treatment. Treatment of raised IOP that is resistant to medical management (cases 1-3) may involve glaucoma filtering surgery (for example, trabeculectomy), which is associated with short and long-term sight-threatening risks, such as bleb-related infection. 9 Even those patients on topical therapy and patients who develop angle damage but not necessarily raised IOP require life-long monitoring; this results in a significant health economic burden.
Elevated IOP after traumatic angle damage is generally due to angle recession, in which the ciliary muscle is torn, leading to scarring and obstruction of the trabecular meshwork and aqueous outflow apparatus of the eye. This increased IOP tends to have two peaks in incidence: at less than one year and at about 10 years after trauma. 11 Unfortunately, glaucoma is difficult to detect in the latter group, as symptoms are subtle. More research is required to validate ways to predict the occurrence Table 1 . Summary of patient details. All eyes were injured directly by a shuttlecock, with no patients wearing glasses or protective eyewear and all were playing either in an amateur or school setting. None of the patients had any significant medical co-morbidities, prior ophthalmological history or problems with vision. Details are as of November 2015, when the data were collated, with many patients having ongoing management and review.
Knocked by the shuttlecock: a case series Jao, Atik, Jamieson, Sheales, Lee, Porter, Roufas, Goldberg, Zamir, White and Skalicky of delayed post-traumatic glaucoma. In the meantime, all patients who have sustained a blunt-eye injury should be reviewed by an ophthalmologist and educated about the possibility of chronic glaucoma and the need for ongoing monitoring by an eyecare professional. Badminton-related ocular injuries are more common among inexperienced or amateur players, during doubles games, and occur most frequently due to a shuttlecock hit by an opponent (particularly from a smash stroke at the net).
1,2,12 Khandelwal, Majumdar and Gupta 3 have also described a specific mechanism in a doubles game, where the players are hit as they turn around to look at their partner's smash shot, as described in case 3. Players should be particularly alert to this risk in competitive doubles games and be advised to avoid looking back at their partners.
There are currently no mandatory requirements for racquet sport eye protection in Australia except for some grades of squash. Appropriate protective sporting eyewear for badminton needs to effectively shield the eye from a smash shot shuttlecock impact and therefore, is recommended to meet the frontal impact requirements of racquet sports under the national standards for sports eye protection, for example, AS/NZS 4066 or the American Society for Testing and Materials (ASTM) Standard F803. 13 Furthermore, we strongly discourage the use of lens-less eye protectors, given they do not adequately protect against small shuttlecock bases. The use of spectacles is also associated with increased frequency and severity of injury because of shattered lenses and the risk of penetrating ocular injury 2,14 and should not be worn by badminton players. Players requiring spectacle correction can either wear prescription protectors complying with the above standards or an eye-shield style protector over their own spectacles.
This study has weaknesses. The methods by which samples were obtained may lead to missing cases and the incidence of badminton-related ocular injuries is likely greater than implied. In addition, there may be selection and recall bias, with the most severe cases being more notable and included in the study; however, this is not an epidemiological study and its purpose is primarily to highlight to the Australian medical, ophthalmic professional and sporting communities the potential longterm consequences of ocular injury in badminton.
CONCLUSION
It is unfortunate that although ocular injury from sports, such as badminton, can be reduced with appropriate eye protection, hardly any sports players wear them. 8 Racquet ball players, who do not wear eye protection largely report that they have not given much thought to doing so. This is especially so for those who perceive that their low-intensity play negates the need to wear such protection, even though these injuries are in fact no less common in amateurs. 15 Eime and colleagues 16 have demonstrated that protective eyewear educational intervention can be successful in increasing use of protective eyewear in squash players in the short term. More research into effective health promotion strategies will be useful to determine sustainability and dissemination of favourable eyewear behaviour. Policies encouraging the use of eyewear, especially during doubles matches or during school sport, may be useful to address the specific issue of injury from a doubles player's smash shot and school sport injury. Optometrists, in particular, have an essential role to play in advocating for appropriate prescription protective eye wear for players. We suggest that advocacy, education and appropriate use of protective eye wear need to be incorporated into the culture of both amateur and professional badminton leagues to reduce shuttlecock-related ocular injuries.
PRACTICAL APPLICATIONS
1. Shuttlecock injuries can cause glaucomatous damage to the optic nerve and lead to multiple procedures and lifelong medication and review.
2. All patients who have sustained a blunteye injury should be reviewed by an ophthalmologist and educated about the possibility of delayed glaucoma and the need for ongoing monitoring. 3. Badminton players should be educated on the risks of ocular injury and strategies to reduce this, including appropriate use of protective eye wear.
